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'314 PIACICALI PRME'i OF THE ALERTNZ&1JDI

reported that German scientists had been working on an CAutomatic

d~eVice for alerting personnel, such as pilots, when they werf in

adangerous condition of drowsiness or fatigue. The physlopz

Kornini1ler, it was further stated, had developed a ojor-al li'h

Aie-tght device for' using brain-waves as a physiologic-al idctro

-the alertness condition of the subject, nart-Icularly th4, ý1owin7

alha. frecuency which occurs when the qub jectisdos. 4 c

pr~actlcal devi.-e was so constructed that an alarmi or alerting 3F.l

-would be turned on by the change in freoncoflpand T L~r~-

sume, would be turned off when the aloh~a rkh retu r n tcdo V L:

normal frecuency of around 10 cycle.5/sec.

This reoort. was of suf4ficient in et to tric~ca

_Devices Center, fieo avlRstrh that a contractý vis

established with the Dcpartment of 'Isv chologyv, u ft s >zlleg, t

investipate the fe~sibility of thisl e. ~ ~ wr

devoted to the study of ways of warning oerson-nel of 1 .nd in.g

~unaLertness. This paper. will attemnt to evaluatle the accomoli-Sh-

mients of the -roiec t and will de=al with thp orobl;=m o' r~ersnnnel

* alertness from a practcl. A. n f iw

The first nhase of the pr-o-ect- wac a lab~ra-.orystd

using a 4-channel ZEG apparatus, in which r-ecordings of th4~Ph
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rhyvthm worE_ ootaineda from an unselected sample of people in a-

monot-onous vigilance situation. Two facts emerged from-these

obscrva-tions: (1) t'he range of individual d-Ifferences in the

qamountý an,; frccuency of the eyes-open alpha rhythm in a group of

normal nteo;p-le. ivas ouite remiarkable and seemed to be relatively

i ndenr-ndent of alert-ness. -ome evidenco of' slowing of frequency

was -round in some people but the conditions favorable for this

oheno'me.on to occur -appeared to be %ell beyond the initial phases-

of drowsiness_ in whc 1. were interested; ()sm omlpol

do not!- an alph pr14-yhm

Cu r-:rubl- w_,.-. the abh a rhtm indicated above,

w-r-- resnronsibi'- for a shift of phyUSIIological indicator. 'I'e next
":xYlo-.e rtýJ n-ossibility of using, muscle action ,,otentials, accord-

in~g to the meth-1-od of' Jacobson and otthers.

Cu6r first oos5ervat ions i-ere made using the biceps and

tIr-iceps for rlectrode'_ nlacements. rhere again we drew a blank

crcause we were unable to record "tonus" of the muscle with surface

ciectroden ft- of teci-'aractcristics, we thought, of a-practical

device w -=t It .-Ioulda --t rpru-ire needle electrodes!) V~arious

othe-r n~-oet on t4-P large ant>-g-ravity, muscles of the body

wpre tried c,3in ulihout success. Thp large muscles of the body

ei-rear --o s, 'seTl to s-ly-acc, fý ctrode nlss they are involved

manac~-'cýcrm.nj two rlectrode: on the pinna. From

t Sspoot wuOtI o;.n' r -sake that xite



continuous variation in activity and, when the amount of activity

Fwas related to peridds of' unal ns on-he monotonous Vigi'ancc-

C~ask, there seemed to be some correlation between fluct-uations of

muscle soikes (priniarily in amplitu~de) and fluctuations- in rpadiness

to respond to an unexpected signal as measured by reaction time.

Ve later found that we could obtain a similar cont1-nuous ys-

logical indicator by -nlacins- electro-des of --nonge rulbbý-r on trhe

forehead Just above the surpraorbital ridges. The electro&d, wcrre

held n~ Dlace by an elastýic heard-band and could be worn afo-

ably by the subject for several- hc;F Low resi --ance cont~'nct wa

mantined with the -k~n I. b soaking ti--e sponge rube ecf-rod-c-

in saaline solution.

Frm hs ont xnerimentation on tihe u. eulrcss of

the mutscle soLke indicat~or of alertness 1-cam'- r-ossibl' . ;nce

we werfe i-nte-rested in obtaining , continuous D^. measure of th

subiects' level of relectrical vctivity, the :Iectrodync Co. of

Boston, 1-assachuse-ts -eveloped for us an int-graor, vwhIch trans-

lated muscle snike activity electronically,, into a m o ving -avrraF

DC level ovcr t-he past seC-ond. Th-us it bjeclame nocssible to measurr-

the activity' in terms of average Intpgrated miicro-volts. T i: i

a kid c staistcalsmoothing circuit. Ti aedvc Ar

contained a sensitive relay circuit, with'n adjstabl I. rsh-f

such that- an alanrm or a sItimullus couIA lb be activate-I wh~en ti e

subJ~ts' ctivity dropped bielow a giJv~n levpi. 7hus, itwa

possibe to present a stimnulus a-it-omati.cal1ly; for tht- meas,.:mý n



of reaction r imp at any desircd DvPI of tension of the subject.

_ te subl !t.' t -sion level dropped below the thros

h3Icld t~he stimulus would come on and stay on until the relay was

ope~ned azain b,, incrý--sp in teýnsion level of thIe subject. W~e had

hnthe prossibility of an -iutomat ic ý-lect~onic monitor. A-ide I

shows sornf of th!-e c,?uianment involv'ad, which-, I should emphasize

was! laborntory epu ipment- and he~nce bulky and heavy. S'lilde T'

shows thle- kin-( of rc-:sult-S obl~ine-d in an ex-)ervaennt in which th

task was- n rontinuour. steprinp task on a tprrct wh-ich was beinE

driv-n off center by a cam. Th'le nriinary Job of the subject was to

ken t-'e tn ~r rt c f-,n tePr d wt1h, a o y :i ck . -ubjccts we--re reouired

to oppra-te for na'-'oi's of 3-3 hus h aaI 9ieT were

~o~icct'4 frn a ux2iarv task i*n -'- x-Derimental situation.

A rcd, r r. 1 4rnin l 0 - ws _-,~ ' sn rh o~ hery. It came on
whenever thrc su&:b-Jctq' tnnsion lpv(el dropped t-o the thresho-ld of

th-e Alertnpss Indicator-, -1id 1I, th~en, contnins d~istribut ions

of1 reaPc t ionl tmes to ti.Eý app~earance- o_: t rp- iewel !1'f~ n

SUO.CtV5 Stuct-fd t-o reýSnond a-s rapidily as he- sould with a

fooz;-kr-y :.soon as Inr- noticed the-,- re,-; .ight Thi w IsnoI a

el-F-int. exnnrimr-nt on rpac,[on .iw ;jut: it- serveld our PurApose in

pr-ovidi n g a c r it--r io n m ---a s r - a nd a n o pe ra t ion a 1 01fi n it icn of

alertne~si in --hat SitlUatior. Ifth ubject w-as slow- in rePSpond-

n,- t o t[hpe unexl.C ct ý-4_v !rl ir-ra dCould ar-ur- that his

r~ren_'l level. of 1awar.ene.Ss w~i not as ttg! a s whenP he i' ave short

reatin trns o te amestmuus. Ac-up'ly, these data do not

provide us wit.. an unectir--vocil1 answer to the cuestion,"..;oes muscle

soi1kc activit-Y nrovide auseful ImeaSure of- al e rtness'"? A-s usual,



fit n~. W 1ou roa On tO rd~ t-. w I- r. i n '+1F~ion

-,-ur. as8 to rmnký> MX- --- ction t~mes onl-, slightl n-en~

the Alef--s niao will -- ~n thenn subject ---ny, times f4jen r4ý

in 'ner-fectl- all rirh-t. T hi S is due, to 'thp fnct th-at there is -n

girrat dral of sreco~nd-to-second varlabilittv in t'muscleý snike out-

~~'ut.U Cf r'v, V o onywn o .warn hcsub ioct -,heon his coniil-

tion is such- as to nroduce ver--. slow reaction timc-n, t-e.- t~he r-ic?[ure:-

is considerabliy bt t er a ar t ic ulaFi rthr scoW% lv' I o n te r~

Ind 4cat or will 4 c,:di; th lnr roact- 4o?-tU;e and no r s-onses% I:air

ell

7-he indivId1U-l rpoi trawr- r;_cord-- cfi ad:' sub i f, t t r,

thin story rratheý bettr-r t-nýan zarwsa itc:lny ~S ran

onp subject -on -unda: m~ornis for s.evrral moth 4ust;- I.ef-rr-c I:-e
went t1o bed WOfter Pork -qrk al ~ t rA-1 an1 at r y i :

at the airport as:eeroo~t Thn czd roi nn~r

Pst ing slummary of, th11;C tL-s1-1po Ial Ilu c u-at i on of 2I rte s s d tir n F

m~onotonous job under cond`.tionsr-r ofýý -te '~i:ai o e

Minuites aft-cr steirt Jn r th inb his tens-ion LIvel wo;- b stead"'

and work wou~ld be accurate, r,,1ac1.tion t -,Ino.-tý Thren the t -nsion

level would strt, to f~c ua t, intill fA.ev r -rid

ltk a ~cod, he enson _'vI would dc, n return t o!~

or gzo higher th-an, n ormr I..VrAlual V. Slw osc-l"Iation of tnsion,

level would _-,ýrt an." -%-nt-.1 -v the reP -1 iiHt woud F-f on. Fror

maiintained and then t r- o3s ci4.1llto n wouIld Itr ain.Drn

the later sitagrzs of t I session, .tL as.. usual -for thi 4s sub jec

to r~-o-uile an f!A4ditiol alertring st Imulluc l e '"ad to nrdc



raucous buzzer into the situation- as indinatpA in qlir~ -Ta

Cccasion~ lIv, none of these stimuli would bring him ont of -theIarmsc- of .'ýorlnheus and the exnaerimente~r had to enter the room and---

shakp him.. 7h1yse same slow, oscillations are present in the outpu

of subiectF without sleep deficit but they occur less rglryad

the aanlitlude of the oscillation is smaller. Some subjeots ul

go through a -3hour session without a serious drop in tension

leve-l. Cthers would sta-'t oscillating almost immediately after

t' n st art. The henomenon of oscillation, incidentally, is probably

'respronsibl'- for the fact that decrement in performance is hard to

fin4- ifr the te!sting is done by sampling a continuous performan.e.

neSubipct can muster h-is resources for a test peoriod quite well,

as the sudis hveshon.,I~th he nmy"coastff between the test

nerodsunlss e i moitoed ontnuosly Inorder to get the--

as.--_crqrt4N'-sdpmonstrat'ed. Anything that happens to break the

monltov wll esut i amaintained olutout for a while thereafter*

".:th the asanInrdutin let me now proceed

to tetitln of thiS talk, namely, some practical problems of theI l~rtness Tnr"icat-or. Theýre are a great rnany~but 1 shall not burden

You wit all of ti-e-M.

-~e tou-ched4 on the first problem earlier in describing

ithe nra-vious work as a laboratory investigation. Alertness is a

nrobl- in th aboratory certainly but cir interest and the inter-

e st of te -½eCIi~l Devices C~enter was in the predict-ion and control

of alertnerss staitus out in real life-- in aircraft, vehicles and

or oald s~r~whee aertness m-ay mean t-he difference between life

n-md det. e fi'rst nractizal problem, then, was to obtain
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_17uipment but would be small, light,, easy to adjust,, Simple to

opr-ate and, finally, would require the minimuxn of maintenance.

vehVe been working on this problem off and on since 191.8. 'he

Electrody-ne Co. has -produced two different morels, which satisfy

_ anyI 61f the reoutrements, but not all. --iobert H~ennessey, -in the

_Tufts Laboratory has constructed an improved version which is cur-

-,renitly under-test.

The first problem encountered outside the laboratory i

ik,-run from MCC lines and other sources. The use of abalanced

Tinput, which- amplifies only out--or-phase nienals, will cut downI

on this limitation considerably. ýzesidual A~may be balance-d out

in. -a I, particular location by putting a sconpe on the input. 1-ie

secondroblem. is the- noise level of the ampl~ification syster, irnelf.

A os' -tube will make it d"fficu~lt to -4iscrimninate thIe level., o'

__the sbjects'l output, since thc output isnear the no; se lev,:l of

___man amlification systems, particularly those on which ther!' are

__ .Testt.i-ct1.os as to size and weight.

Another set of Drcohlpms arise when the reouireuzent for

iweak~ng'head-band electrodes is considered. Peor'Le don't liice to

-wear head bands. They don't care for electrodes on their skin,

-even our comfortablq sponge-rubber electrodes. T7hey don't like

-t6 be attacked to any electrical device, even though you assure

-them that the electrodes are fuzed at .05 amp.

Ye have conducted some fLield tests with the Portable

AlertnesS Tndicator. These, ingnrl hv niaed that, i

yousen a pecally-trained technIcian out with the equipment,



IR
it will -,ericrm wit~h about the same characteristics as the iabor'a,ý

tory- model. But it would be irnoossible, at the present stage of'

development, to just turn the device over to an untrained person

to operate, such -as is oossibie. for example, with an automobile

radio.

"Cliele IV Shows the present model currently under test.

It is roughly 24"I x -91 x OP, and weighs 15ý pounds including wet

cell batteries. The power supply is obtained from small wet.-cells,f with an estimated life of' around A hours. It has a built-in CR0

for balAncing out A;C noise. I hope that it will be rugged, reliable,

easy to opernte and easy to maintain.

The last nractical problem T wish to raise has to do withI alternartive- ways of handling the alertness problem practically.
There anre other av.ailable phy!-cio logical indicators of the condition_
of tebody, such as the Cxlrneter, whic ss ht-eeticpcu

based on transmission of light through t1,he lobe of the ear and

measures tean-ount ni- oxygen ifL. the blooc. by the change in color

of ~ ~ ~ ~ 0 t_ lot~ lcrcrigram,, the galvanic skin response et

cetera. (ne of tlVese$ or a combination of these might provide a

more no-vitive indication. The-Pre is an old patent on simple alert-

rnrss monitor, nf-Amre1ly, a h-arness for posit-ioning a Spike under the

subjects' jaw. ',.hen his h.-A falls down, his chin is iMDaled o-

the Snike and he is alerted verv positively:r

Mrurs, such as -.ennzed-rine, have been proposed and there

are crood reas-ons for adoptinp th~is techniq~ue, rather than any method

re(~~u~r~an -xesvaprts and snec ial t-raining.

But t~hr, most serious practical problem of all seems to

be, "Is nrotrection arainst lapses in alertness a serious enough



- -robl-m for anyone to worry about?" I confess to having mixed

feelings on this issue. I suppose that, this problem is similar

to the life insurance problem. How much are you going to be

willing to pay for protection against something that may never

happen, for which we have only the support of accident statistics.

ost of' the time, accident statistics only teli us that accidents

happen and not where to pin the blame. -'-s alertness a problem cut

in the reŽal world of human affairs?


